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PREFACE 


Daring  the  period  November  1958  to  July  1973  , the  Navel  Air 
Development  Center  conducted  a number  of  classified  flight  trials  of 
passive  infrared  imaging  equipment.  More  than  S25  flights  were  con- 
ducted over  both  land  and  water  and  a wealth  of  data,  much  of  which 
has  now  been  declassified,  was  amassed.  Under  Contract  NG2269-77- 
C-0382,  SEMCOR,  Inc,  was  engaged  to  review  these  data  and  prepare 
an  atlas  of  infrared  imagery  of  oceanographic  phenomena.  Cf  the  499 
rolls  of  film  recorded  during  the  flights,  selected  portions,  chosen 
for  their  technical  Interest,  are  presented  in  this  report  in  an  effort 
to  illustrate  a variety  of  ocean  surface  effects.  Brief  descriptions 
of  the  equipment  employed  and  remarks  on  the  interpretation  of  the 
imagery  are  also  provided. 
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INTRODUCTION 

Every  object  radiates  electromagnetic  energy  at  a rate  that  is  proportional 
to  both  the  fourth  power  ol  its  absolute  temperature  and  to  the  radiant  efficiency 
(emissivily)  of  the  radiating  object.  For  objects  at  room  temperature,  approxi- 
mately 2 percent  and  37  percent  of  this  energy  is  radiated  in  the  3-  to  5. 5-^m 
and  the  fj-  to  14- portions,  respectively,  of  the  infrared  spectrum.  In  general, 
objects  in  a given  scene  exhibit  differences  in  temperature,  emissivity,  and  re- 
flectivity. Accordingly,  it  Is  possible  for  an  imaging  device  operating  in  these 
portions  of  the  spectrum  to  record  pictures  of  objects  by  virtue  of  their  infrared 
incandescence  even  in  absolute  darkness. 

EQUIPMENT  DESCRIPTIONS 

The  thermal  pictures  presented  in  this  atlas  were  obtained  with  seven 
equipments  manufactured  by  HRB- Singer,  Inc.  (the  Eeconofax  Camera;  AN/ 
AAD-2;  Re  conofax  IV,  Mark  Tl;  AN/AAR-30;  AN/  AAR-32;  AN/AAR-35;  and 
Reconofax  OTA).  Because  all  the  equipments  are  very  similar,  only  the  AN/ 
AAD-2  infrared  mapping  set  is  described  (see  Figure  1), 

The  AN/ AAD-2  was  designed  originally  lor  use  In  U.S.  Army  Signal  Corps 
drone  aircraft  and  was  modified  by  the  Naval  Air  Development  Center  for  high- 
sens  itivity  over- water  use.  It  operates  in  the  following  manner,  A small 
portion  of  the  infrared  radiation  emitted  or  reflected  by  the  objects  under 
surveillance  is  intercepted  by  the  plane  45  “angle  scanning  mirror,  which  is 
mounted  on  a rotating  shaft  whose  axis  is  parallel  to  the  flight  path  of  the 
aircraft.  As  this  mirror  rotates  at  a rate  of  100  revolutions  per  second, 
radiant  energy  from  each  object  point  along  a Tine  perpendicular  to  the  flight 
path  is  sampled  sequentially  and  focused  by  means  of  a parabolic  mirror  onto 
a cooled  infrared  detector.  The  electrical  Signal  generated  in  the  detector  is 
amplified  and  passed  on  to  a glow  tube  which  emits  light  whose  intensity  is 
proportional  to  the  electrical  signal  impressed  upon  it,  bight  from  the  glow 
tube  is  focused  to  a small  spot  by  means  of  a microscope  objective,  which  is 
also  mounted  on  the  rotating  shaft.  The  intensity -modulated  spot  of  light  scans 
across  a piece  of  sTowly  advancing  photographic  film  in  synchronism  with  the 
scanning  mirror.  As  the  aircraft  advances,  a 120  field  of  view'  of  the  terrain 
below  is  swept  out  by  the  scanner  and  recorded  on  photographic  film  in  the  form 
of  a continuous  strip  map.  In  the  infrared  pictures  included  in  this  report, 
effectively  warm  areas  are  rendered  In  light  tones  and  effectively  cool  areas 
are  rendered  in  dark  tones. 

The  other  scanning  equipments,  except  for  slight  differences,  operate  in 
the  same  manner.  Design  and  performance  parameters  of  these  sets  are  pro- 
vided in  Table  I, 
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TABLE  L DESIGN  AND  PERFORMANCE  PARAMETERS  OF  INFRARED  IMAGING  SETS 


NADC- 7 8226-30 


A Barnes  model  R-8B1  radiometer,  an  infrared  device  that  senses  ocean 
surface  radiation  and  produces  strip-chart  recordings  of  the  profiles  of  thermal 
patterns  along  the  path  of  the  aircraft,  was  also  used  during  many  of  the  flights. 
Table  II  lists  relevant  data  pertaining  to  the  Barnes  radiometer. 


TABLE  n,  DESIGN  AND  PERFORMANCE  PARAMETERS  OF  THE 

BARNES  RADIOMETER 


set 

Radiometer  Model  R-SB1 

Manufacturer 

Barnes  Engineering  Company 

Data  recording 

Cl e vita  Brush  Model  280  chart  recorder 

2 

Optical  aperture  (cm  } 

99 

Focal  length  (cm) 

30.5 

Detectors 

Germanium  immersed  thermistor  bolometers 

(two) 

Signal  produced  by  a temper- 

Approximately  250  v V 

ature  change  of  1 K in  an 
extended  area  blackbody 

Instantsne  ous  field  of  view 

0.4  X 2,0 

(deg) 

Video  bandwidth  (Hz) 

(a)  2.0 

(b)  1.0 
: <c)  oa 

Noise  equivalent  temperature 

(a)  0.03 

difference  (K)  ( 

(b)  0.02 
(C)  0.006 

Scene  area  integrated  per 

Bandwidth 

Width 

Length 

time  constant  (for  aircraft 

(across  track) 

(along  track) 

1 velocity  of  180  knots  and 

(HZ) 

(^ 

(ft) 

altitude  of  1000  ft) 

2.0 

35 

32 

1.0 

35 

57 

oa 

35 

510 

Stabilization 

None 
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INTERPRETATION  OF  THE  IMAGERY 


Water  is  very  opaque  to  electromagnetic  radiation  In  the  intermediate  and 
far  infrared  spectral  bands  concerned;  accordingly,  the  thermal  patterns  pictured 
in  this  report  represent  effects  occurring  in  the  upper  few  hundredths  of  a 
millimeter  of  the  water.  Therefore,  thermal  profiles  obtained  with  infrared 
imaging  devices  do  not  necessarily  agree  with  bucket  temperature  measurements. 

As  mentioned  previously,  passive  infrared  imaging  sensors  respond  to 
infrared  radiation  emitted  by  and  reflected  from  the  scene  ^adcr  surveillance. 

The  radiation  emitted  ts  governed  by  the  relation  W = v t T s in  which  W is  the 
radiant  power  per  unit  area  emitted  from  the  surface,  v is  the  Stefan- Boltzmann 
constant  (5.K7  X 10"8  W/n^K4),  T is  the  absolute  temperature,  and  € is  the 
emissivity,  a dimensionless  quantity  that  is  a measure  of  the  "blackness1'  of 
a body.  Emissivity  is  a function  of  the  material,  its  surface  quality,  and  angle 
of  observation  and  has  a value  of  zero  for  a perfect  reflector  and  unity  for  a 
perfect  absorber.  Thus,  variations  in  surface  roughness  and  viewing  angle 
may  be  recorded  as  variations  In  apparent  temperature. 

Reflectivity  ( r> ) and  emissivity  are  interrelated  by  the  expression 
f>  = 1 - e . Both  of  these  quantities  are  plotted  in  Figure  2 as  functions  of 
the  angle  of  observation  relative  to  the  normal.  Because  the  emissivity  de- 
creases with  increasing  angle,  the  apparent  temperature  of  the  scene  may  vary 
as  a function  of  scan  angle,  with  the  edges  of  the  pictures  appearing  cold  (dark) 
relative  to  the  centers,  unless  some  other  factor  dominates.  One  factor  that 
could  offset  this  effect  would  he  the  existence  of  a deck  of  low -altitude  clouds 
whose  temperature  is  greater  than  that  of  the  ocean  surface,  hi  this  ease,  as 
the  angle  at  which  the  surface  is  viewed  increases,  a greater  contribution  of 
radiation  is  received  from  the  clouds  because  of  the  increase  in  reflectivity 
with  angle;  this  would  tend  to  make  the  edges  of  the  pictures  appear  warmer 
(lighter)  than  the  centers. 

Another  characteristic  of  the  recorded  imagery  is  the  greater  prominence 
of  ocean  waves  near  the  edges  of  the  pictures  than  at  the  centers.  This  can 
be  understood  in  terms  or  Figure  2.  At  angles  of  about  0°  to  30°,  there  is 
very  little  variation  in  emissivity  with  angle.  Thus,  at  near  normal  viewing 
angles,  typical  wave  slopes  of  20°  or  less  produce  very  little  variation  in  the 
amount  of  radiation  omitted  or  reflected.  However,  at  viewing  angles  of  the 
order  of  SO  , the  emisgivity  curve  is  much  steeper  and  therefore  the  wave 
slopes  give  rise  to  larger  variations  in  emissivity. 
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Another  factor  causing  variations  in  the  apparent  scene  temperatures 
recorded  is  the  atmosphere  between  the  sensor  and  the  sea  surface.  Because 
the  atmosphere  is  not  perfectly  transparent,  it  absorbs  a certain  amount  of  the 
radiation  emitted  by  the  sea  surface  that  otherwise  would  have  been  intercepted 
by  the  sensor.  Furthermore*  the  Intervening  atmosphere  emits  radiation  that 
is  detected  by  the  infrared  scanner.  If  the  sea  surface  and  the  intervening 
atmosphere  are  at  the  same  temperature,  the  atmosphere  contributes  an  amount 
of  radiation  equal  to  that  which  it  absorbs.  If  the  atmosphere  is  cooler  than  the 
water,  it  absorbs  more  than  it  radiates  and,  conversely,  if  its  temperature  is 
greater  than  that  of  the  water's  surface,  it  radiates  more  than  it  absorbs.  Since 
the  path  length  through  the  atmosphere  varies  inversely  as  the  cosine  of  the 
angle  between  the  normal  to  the  sea  surface  and  the  scanner's  instantaneous 
viewing  direction,  such  atmospheric  effects  are  more  pronounced  at  the  edges 
of  the  pictures  than  at  the  center.  Thus,  an  intervening  atmosphere  that  is 
warmer  than  the  water  surface  tends  to  cause  the  edges  of  the  picture  to  appear 
warmer  (lighter)  than  the  center,  and  conversely. 

Another  factor  influencing  the  appearance  of  the  imagery  stems  from  the 
fact  that  during  each  350°  of  rotation  of  the  scanning  mirror,  the  detector  views 
the  inside  of  the  scanner  unit  two-thirds  of  the  time  (240°  of  rotation)  and  the 
ocean  surface  one-third  of  the  time  (1 20°),  Because  of  the  dissipation  of  elec- 
trical energy  in  the  scanner,  the  interior  of  the  scanner  housing  is  usually 
warmer  than  the  sea  surface.  Thus,  during  each  "inactive"  portion  of  the  scan 
cycle,  the  detector  element  may  receive  a burst  of  radiant  energy  from  which 
it  and  the  first  stage  of  preamplificatton  must  recover  during  the  "active"  por- 
tion of  the  scan  cycle.  This  recovery  may  appear  on  the  pictures  as  a gradual 
monotomc  shading  from  one  edge  to  the  other. 

The  infrared  imaging  sets  employed  are  limited  in  dynamic  range  by  their 
recording  devices  such  that  the  largest  temperature  difference  that  can  be  re- 
corded without  saturation  is  about  100  times  greater  than  the  smallest.  Thus, 
if  the  set  were  operating  with  a gain  setting  that  would  permit  recording  of 
temperature  differences  of  0.01  K,  then  temperature  differences  greater  than 
1, 0 K would  overload  the  system.  Experience  with  high-sensitivity  over -water 
infrared  imaging  devices  has  shown  that,  with  the  exception  of  whiteeaps,  temper  - 
aturo  differences  associated  with  Large-area  ocean  surface  patterns  tend  to  be 
greater  than  those  associated  with  small-area  patterns.  Accordingly,  in  a 
scene  containing  a wide  range  of  pattern  sizes,  the  large  patterns  may  dominate 
to  the  exclusion  of  the  small  ones  unless  some  form  of  compensation  Is  applied. 

ihe  problem  of  variation  in  apparent  scene  temperature  as  a function  of 
scan  angle  and  the  problem  of  limited  dynamic  range  were  addressed  in  the 
AN/AAD-2  by  the  simple  artifice  of  replacing  a preamplifier  interstage  coupling 
capacitor  that  passed  frequencies  as  low  as  a few'  hertz  with  one  of  much  smaller 
capacitance  that,  on  a relative  basis,  "rolled  off"  the  low-frequency  response 
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and  boosted  the  high-frequency  response.  Apparent  temperature  variations 
occurring  at  the  scan  frequency  (100  Hz)  and  a few  harmonics  above  it  were  then 
greatly  suppressed  and  the  small -area  aea  surface  patterns,  corresponding  to 
frequencies  of  the  order  of  5 to  20  kHz,  were  enhanced.  This  change  yielded 
pictures  in  which  a wide  range  of  sea  surface  pattern  sizes  could  be  seen,  hut 
denied  the  observer  the  ability  to  make  simple  inferences  of  the  magnitudes  of 
temperature  differences  characterizing  them.  En  a later  equipment,  the  AN/ 
AAR-30,  provisions,  were  made  for  subtracting  out  effects  occurring  as  a function 
of  scan  angle  and  for  controlling  in  flight  the  frequency  and  slope  of  low -frequency 
roll-off.  The  effects  of  different  roll-off  settings  on  the  imagery  are  illustrated 
in  Figures  34  to  37. 

An  adverse  effect  of  reducing  the  capacitance  of  the  preamplifier  interstage 
coupling  capacitor  is  that  that  part  of  the  circuit  then  acts  as  a differentiator 
and  the  output  waveform  represents  the  superposition  of  the  input  waveform  and 
its  first  derivative.  To  illustrate  this  effect,  suppose  that  the  aircraft  is 
flying  along  the  edge  of  a sharply  defined  ocean  front  with  cool  water  on  the 
left  side  and  warm  water  on  the  right.  As  the  scan  spot  moves  from  left  to 
right  across  the  front,  the  abrupt  change  In  signal  level  is  accentuated  and,  on 
successive  scans,  the  front  is  outlined  in  white  on  the  picture.  On  the  other 
hand,  if  the  aircraft  were  to  reverse  direction  and  travel  along  the  front  such 
that  the  warm,  water  were  on  the  left  and  the  cool  water  were  on  the  right,  the 
effect  of  differentiation  would  be  to  outline  the  front  in  black.  These  effects 
are  illustrated  in  Figures  7 and  8. 

Because  these  infrared  imaging  sets  do  not  provide  dc  response  or  do 
restoration,  an  apparent  temperature  depicted  at  a given  point  in  the  imagery 
represents  only  the  effective  temperature  at  that  point  relative  to  the  effective 
temperatures  of  other  nearby  points  along  the  same  scan  line.  For  this  reason, 
gradual  variations  in  scene  temperature  along  the  direction  of  flight  are  not 
revealed  on  the  imagery. 

Typically,  the  scan  rate  of  the  infrared  imaging  equipments  was  significantly 
greater  than  that  required  to  produce  contiguous  scans  as  the  aircraft  advanced. 
Therefore,  the  radiation  from  the  scene  was  sampled  a number  of  times  during 
successive  scans.  Because  the  photographic  film  used  as  a recording  medium 
was  capable  of  integrating  the  signals  over  successive  scans,  the  signals  would 
build  up  in  proportion  to  the  number  of  independent  looks  at  any  given  target 
point,  whereas  the  noise  would  build  up  only  In  proportion  to  the  square  root 
of  the  number  of  looks.  Accordingly,  the  recorded  signal -to-noise  ratio  was 
improved  relative  to  what  the  (single-look)  noise  equivalent  temperature  dif- 
ference should  imply,  by  a factor  of  the  square  root  of  the  overlap  ratio.  As  an 
example,  consider  the  AN /A AD -2  operating  with  a 2,5-  by  2. 5 -mm  detector 
at  an  aircraft  altitude  of  2000  feet  and  a speed  of  ISO  knots.  A detector  of  such 
dimensions  in  an  optical  system  of  153-mm  focal  length  provides  an  instantaneous 
field  of  view  of  1G.3  mrad  which,  when  projected  to  the  water  surface  beneath  the 
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aircraft,  defines  a square  area  32,6  feet  on  a side.  During  the  interval  between 
each  successive  scan  (0.01  second),  though,  the  aircraft  advances  only  about 
three  feet.  Thus,  for  this  set  of  conditions,  the  scanner  will  acquire  more  than 
ten  looks  at  each  point  In  the  scene  and  an  attendant  improvement  in  sensitivity 
of  the  square  root  of  ten. 

Because  of  the  nature  of  the  equipment,  the  infrared  pictures  obtained 
are  cylindrical  projections  of  the  scene  under  surveillance.  The  horizontal 
dimension  of  each  picture  is  a time  axis,  which  can  be  treated  as  a measure 
of  the  distance  for  the  general  case  where  the  aircraft  velocity  is  held  constant 
for  the  length  of  the  picture.  The  vertical  dimension  is  angular,  hut  the  dis- 
placement of  the  scanning  spot  from  a point  directly  below  the  aircraft  is  pro- 
portional to  the  tangent  of  the  scanning  angle  with  respect  to  the  normal.  This 
causes  information  at  large  viewing  angles  to  appear  compressed  on  the  imagery 
in  the  direction  of  scan.  This  distortion  can  be  seen  near  the  edges  of  Figure  8. 

Numerical  values  of  sea  state  accompany  some  of  (he  infrared  pictures  as 
an  additional  aid  to  interpretation  of  the  imagery.  The  sea  state  is  a descrip- 
tion of  the  ocean  surface  with  regard  to  wave  action.  According  to  the  U.s.  Navy 
Oceanographic  Office  scale,  low  values  of  sea  state  (0-1)  indicate  relatively 
calm  seas;  larger  numbers  correspond  to  progressively  rougher  surfaces,  and 
high  values  (8-9)  describe  a confused  ocean  with  mountainous,  foaming  waves. 

Targe  temperature  variations  across  the  surface  of  the  water  may  overload 
the  highly  sensitive  equipment  and  produce  signal  overshoots  of  the  opposite 
polarity.  These  overshoots,  which  appear  beyond  the  patterns  in  the  direction 
of  scan,  should  be  disregarded. 

Two  parallel  dark  lines  run  along  the  length  of  some  of  the  pictures;  these 
arc  the  result  of  partial  film  de  sen  situation  caused  by  crimping  of  the  recording 
film  in  the  compact  film  magazine  and  should  be  ignored, 

'the  infrared  imagery  presented  here  ia  not  necessarily  centered  directly 
below  the  line  of  flight  of  the  aircraft  since  most  of  the  figures  were  cropped 
before  being  printed.  For  the  same  reason,  the  vortical  dimension  of  each 
figure  may  be  less  than  the  lateral  field  of  view  of  the  equipment  employed. 

One  may  assume,  for  instance,  a vertical  scale  of  approximately  110°  (rather 
than  the  total  fieM-of-view  value  of  120°)  for  scenes  recorded  with,  the  AN/ 
AAD-3. 


9 


NADC-7&226-30 


INFRARED  IMAGERY 


This  section  contains  192  thermal  pictures  taken  from  aircraft  over  bodies 
of  water  during  the  period  May  1959  to  May  1972,  Surface  expressions  of  eddies, 
convection  cells,  currents,  and  thermal  fronts  in  addition  to  sea  ice,  wind  streaks, 
white  caps,  and  waves  are  pictured.  Portions  of  National  Ocean  Survey  charts 
corresponding  to  the  imagery  are  Included  In  some  cases. 

The  figures  arc  grouped  in  the  following  manner: 

Subject  Matter  Figure  Number 


Shoreline  Scenes 

3-6 

Natural  Surface  Patterns 

7-30 

Manasquan  Inlet  Recorded  with 

31-33 

Different  Equipment 

Bamegat  Inlet:  Effects  of  Varying 

S4-S7 

the  Roll-Off  Setting 

Natural  Surface  Patterns 

38-78 

St,  Andrew  Bay 

79-84 

Chesapeake  Bay  Bridge 

85-86 

Islands  and  Reefs 

87-96 

Natural  Surface  Patterns 

97-154 

Persistence  of  Thermal  Pattern 

155-159 

Gulf  Stream 

160-161 

Bute  Inlet 

162-179 

Oil  Slicks 

180-181 

pollutants  in  the  Delaware  and 

182-186 

Schuylkill  Rivers 

Ice 

187-194 

Figure  captions  for  most  of  the  thermal  pictures  in  this  atlas  adhere  to  the 
following  format: 

Figure  number.  Title, 

Date;  time  (local  civil  time);  aircraft  altitude;  latitude; 

longitude;  equipment;  size  of  detector  and  detector  type; 
aircraft. 
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Shoal  Water  in  the  Vicinity  of  Waretown,  New  Jersey, 

20  May  1959:  2200;  0000  ft;  flij'Ma'Nj  74°10'W;  Reconcfax  Cj 
3,2  mm  (circular)  p-type  GeiAu;  HUB -Singer,  Inc,; 
Cessna  310-B  aircraft. 

Compare  with  portion  of  HOAA  Nautical  Chart  12324  shewn 
( sound ings  are  in  feet). 


N ADC-7  3226-30 


Figure  4*  Overflow  of  Water  from  Takanassee  I ako  Reservoir. 

3 April  1981;  2306;  2200  ft;  40°17TM;  74°00’W;  AN/AAD-2; 
3 mm2  (circular)  p-typc  Ge:Au;  11 RU- Singer,  Inc. ; 
Cessna  310-B  aircraft. 
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lers,  Lind  he  a 
l^Bl;  2330;  2o 
5 mnj  InSb;  P. 
Lerimil 


4°02fW;  AX"/ A AD-2 
la.  No.  131403, 


-1 0°1 1 rK;  74^01' VV;  Ileconofax  IV 
Ge:H^:;  SP-2B  aircraft  Bu.  No.  135616 


XADC-7822C 


Figure  8,  Natural  Sea  Surface  Patterns. 

2J  November  1961;  1909;  2000  ft;  39°20'N;  71  °S5'  W;  AN/AAD-2; 

2,5  X 2 , o mrri  InSb;  P2V-5F  aircraft  Bu,  No.  131403. 

Note  the  whitacaps  and  the  change  in  thermal  ’’texture"  across 
the  front. 
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Figure  12,  Natural  Surface  Patterns. 

1 June  1967;  2012;  450  ft;  AN/AAD-30;  6.25  mnT  (circular)  Ge:Cu; 
KP-2K  aircraft  Bu.  No.  131403. 
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Wave  Patterns. 

5 March  1964;  2029,;  1000  ft;  3O°05TN;  85°43’W;  Etectmofa*  IV 
Mark  FT;  4 min  (circular)  Gc;Hg;  NP-2E  aircraft  £u.  No 
Notice  the  propagation  of  waves  in  two  different  directions. 


Natural  Sea  Surface  Patterns. 

15  March  19G2;  1853;  1200  ft;  24 
6.25  mm"  (circular;  Ge:Cu; 
Sea  state:  2. 
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Figure  15-  Natu. 

19  Ai 


Natural  Sea  Surface  Patterns. 

19  April  1902^2320;  2000  ft;  40°02'N;  71°19'W;  AN/A  AD-2; 

0,25  mm”  (circular)  Ge:Cu;  P2V-5F  aircraft  Bu#  No,  13140.5 


IS 


NADC-7&226-30 


Figure  17,  Natural  Sea  Surface  Patterns. 

1 September  1967;  2355;  150  ft;  24°17TN;  82  17’Wt  AN/AAH-32; 

n.5  nmi  (diameter)  Ge:Hg;  NP-2E  aircraft  Bu.  No,  131403* 
Sea  state:  0“1* 


Figure  IS*  Natural  Sea  Surface  Pattern*, 

1 September  1967;  2300;  325  ft;  24°16'N;  82  14’W*  AN/aAK-32; 

0.  5 mm  (diameter)  Ge:Hjt;  NP-2E  aircraft  Bu.  No,  131103. 
Sea  state;  0-1, 
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Kddy  in  the  North  Atlantic  Ocean, 

26  April  1962-  2230:  0700  ft;  4l°lO'N;  M^OUV;  AN /AAR-30; 

6.25  mm^  (circular)  Ge:Cu:  SP-2E  aircraft  Bu.  No.  131403. 
The  white  dots  are  an  electronic  artifact  and  should  be  disregarded 


Flfnjrc  19 


Fifcurc  20.  Coastline  and  Natural  Sea  Surface  Patterns, 

20  May  1964;  2314;  FIDO  ft;  74°l0'W;  Ileconofax  IV 

Mark  II;  2.5  X 2. S mm  Ge:Hg;SF-2H  aircraft  Bu,  No,  135010, 
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Eddy  Re  suiting  from  the  Converging  of  Waters  from  the  East 
end  West  Branches  of  St.  Andrew  Bay. 

5 March  1964;  2234;  2500  ft;  3Q°G9TN;  85°4G'W;  Reccmofax  IV 
Mark  11;  >1  mm'  (circular)  Ge:Hg:  NP-2E  aircraft 
Bu.  No.  131403. 


Coastline  and  Natural  Ocean  Surface  Patterns. 

3 October  1963;  1953;  2500  ft;  S8025'N;  74°22fW;  Reconofax  TV 
Mark  Fl;  Ge;Cu;  NP-2E  aircraft  Bu.  Nq.  131403, 


NAD  C -7  82  2 6 -30 


Figure  23.  Natural  Sea  Surface  Patterns. 

3 May  1967;  1.419;  600  ft;  39°2S’N;  73 ' 47’W;  AN/AAR-30; 

0.20  (circular)  Ge;Cu;  NP-2F,  aircraft  Bu,  No.  131403. 


Figure  24.  Nature^]  Sea  Surface  Patterns. 

3 May  1907;  1353;  1000  ft;  30°39'N;  74  02'W;  AN/AAR-30; 

6,25  mrn^  (circular)  Ge;Cu;  NP-2E  aircraft  Bu.  No.  1334-03. 


22 


NADC-7822G-30 


Figure  25. 


Natural  Sea  Surface  Patterns. 

23  May  11)68;  2039;  £5°301N;  7fi°00rW;  AX/AAR-30; 

2.  5 X 2.5  mm  NlJ-2E  aircraft  Hu.  No,  131403, 


Figure  26,  Natural  Surface  Patterns, 

9 December  1965;  2050;  2200  ft;  37°08fN;  7G°00'W;  AN/AAR-30 
0.45  X 0.43  mm  HgCdTe;  NF-2E  aircraft  Bu.  No,  131403, 
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Figure  27.  Natural  Sea  Surface  Patterns, 

3 May  1987;  1355;  1000  ft;  39°40'N;  74  06'W;  AN /AAR-30; 

6-25  mm2  (circular)  Ge:Cu;  NP-2E  aircraft  Bu.  No,  131403. 


Figure  33,  Surface  Patterns  in  Chesapeake  Bay, 

28  June  1962;  2123;  2000  ft;  3S°59rN;  7<3°23fW;  AN/AAD-2; 

6.25  injii  (circular)  Gci;Cli;  P2V-7  aircraft  I3u.  No.  1403  SO, 
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Figure  29.  Coast  and  Natural  Surface  Patterns. 

30  March  1967  ; 1429;  3400  ft;  AN/AAR-32;  0.5  mm  (diameter) 
(Icrllg;  NlJ-2E  aircraft  Uu,  No.  131403, 


Figure  30.  Surface  Patterns  in  Delaware  Bay, 

1 October  1963;  2336;  12,000  ft;  39°08'N;  75  13TW;  AN/AAK-SOj 
0,5  mm  (diameter)  Ge:Ou;  NF-2E  aircraft  Bu,  Xo,  131403. 
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Figures  31  - 33  show  three  scenes  of  Manasquan 
Inlet.  They  Are  presented  together  to  facili- 
tate comparison  of  the  photographic  results 
of  different  pieces  of  equipment  and  detectors. 


Figure  31.  11  October  1962;  2042;  4000  ft;  40°07!N;  74°02HV;  AN/AAK-30; 

7X7  mm  InSb;  IIRB-SiUger's  D-18  aircraft. 
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Figure  32,  27  July  1970;  2145;  500  ft;  40°07'N;  74°02*W;  Re eon o fax  XTTTA; 

0.  l X 0,1  mm  HgCdTe;  P-3A  aircraft  Eu,  No,  149677, 


Figure  33,  20  May  1964;  2153;  loOO  ft;  40°0S*N;  74°62‘W;  Reconofax  IV 

Mark  II;  2,5  x 2.5  mm  Ge:IJg;  SP-2H  aircraft  Bu,  No,  135616, 


NADC -7  8226-30 


Fjgures  34-37  were  recorded  during  parses  over  Rarnegat  Inlet 
on  30  January  1&G4  while  the  AM /AAR -30  operated  with  a 
copper  doped  germanium  detector  of  0.5 -mm  diameter. 

The  pictures  illustrate  the  effects  of  varying  the  roll-off 
setting  on  the  equipment.  At  high  roll-off  settings,  surface 
patterns  can  he  easily  distinguished;  however,  apparent 
temperature  variations  occurring  at  low  frequencies  are 
suppressed.  Low  values  of  roll-off  permit  greater  sensitivity 
to  thermal  differences  but  provide  poor  resolution  of  small- 
area  details. 

To  give  some  indication  of  actual  temperature  changes  along 
the  flight  path,  sections  of  the  strip-chart  recording  of  radio- 
metric data  are  Juxtaposed  Lo  their  respective  infrared 
pictures.  Temperature  variations  displayed  on  the  strip 
charts  correspond  to  readings  on  a horizontal  line,  which 
passes  roughly  through  the  center  of  each  picture.  It  can 
be  seen  that  the  changes  in  temperature  across  the  inlet 
arc  nearly  equal  (about  0,27  K)  for  the  two  passes  over  the 
area. 


Figure  34.  Time:  1827 

Roll-off:  1.0. 
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Figure  3a.  lime;  1808 
TC oil -off;  2,  0 
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Figure  3 C>,  Tfme:  1850 

noil -off;  3.0. 

A portion  of  NQAA  Nautical  Chart  12324  is  also  pictured  (soundings 
are  in  feet). 
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Figure  3?.  Time;  1922 

Roll-off:  5,0. 
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I’igure  38,  Natural  Sea  Surface  Patterns, 

5 May  1970;  2019;  AN/AAR-30;  2.5  X 2.5  mm  Getllg. 


Pipure  39, 


Natural  Sea  Surface  Patterns. 

10  May  1970;  1409;  1300  ft;  33°27'N;  78  53’W;  AN/AAR-30; 
2.5  X 2,5  mm  Gc:H£. 
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Natural  Sea  Surface  Patterns, 

27  May  1908;  2117;  1100  ft;  25°34'N;  76°01'W; 
2, 5 X 2,  5 mm  Gc  :Hg;  NP-2E  aircraft  Bm 


Figure  40 


Natural  Hea  Surface  Patterns,  ~ 

2!>  April  1963;  0007;  4]°5(>,N;  f>4°26'W;  AN  /AAR-30;  6,2o  mill 
(circular)  Ge:Cu;  SP-2E  aircraft  Bu.  No.  131403, 

Note  the  enhancement  of  waves  along  the  upper  and  lower  edges 


N ADC-73226  -30 


Natural  Sea  Surface  Patterns, 
27  May  196$;  2120;  1100  ft;  2,7 
2.5  X 2.5  mm  GejIIg;  HP- 


Figure  4: 
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Figure  4$.  Natural  Sea  Surface  Patterns. 

14  May  1966;  23°3l’N;  77  l4'W;  AN /AAR-3 2;  2. h X 2.5  mm 
Ge:Hg;  P-3A  aircraft  Ru.  No.  14SS&3. 
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Figure  44*  Natural  Sea  Surface  Patterns* 

28  May  19RS;  2282;  HOO  ft;  2h°30fN}  73°l4'W;  AN/AAR-30} 
2,3  X 2.3  mm  Ge;Fg;  NP~2K  aircraft  Bu.  No,  131403, 


Figure  43.  White  caps  . 

20  December  1982;  2240;  4000  ft;  AN/ AAR-30;  3X3  mm 
Ce;Hg;  HRB- Singe  rfS  Bcechcraft  D-13  aircraft. 
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t’ismre  4(5.  Coastline  (Aloof?  Upper  Edge)  and  Natural  Surface  Patterns. 

!>  April  1963;  1322;  1400  ft;  39  56 ’N;  74°04 'W;  AN/AAD-2; 

6.25  mm2  (circular)  Ge;Cu;  ST-2E  aircraft  Bu.  No,  13H03, 


Coastline  (Alotif?  Lower  Edge)  and  Natural  Surface  Patterns 
9 April  1963;  1933;  1G0Q  ft;  40a01'N;  7-1C>03TW;  AN/AAD-2; 
6.25  mm2  (circular)  Ge:Cu;  SF-2E  aircraft  Ru.  No.  13 


NADC-78226-30 


Figure  48, 


Natural  Sea  Surface  Patterns. 

10  May  1952;  2035;  ,5000  ft;  39°40TN;  71°40’W;  AN /A  AD-2; 

6.25  mm^  (circular)  GejCu;  F2V-7  aircraft  Bu»  Ne.  140985, 


Figure  49,  Natural  Surface  PaUcrflS. 

6 September  1907;  2053;  700  ft;  24°19'N;  82°18'W;  AN/ AAR-32; 

0.5  mm  (diameter)  Ge;Hg;  NP-2E  aircraft  litt.  No.  131403, 
Sea  state:  1-2. 


37 


NAI>C-7822fi-:*0 


Figure  GO.  Natural  Sea  Surface  Patterns, 

22  May  1938;  2315;  1200  It;  25°32rN;  7G°58’W;  AX/ AAR -30; 
2.SX2.  & mm  GO:Hg;  XP-2E  aircraft  Bu.  No.  131403. 


f _ .VaffieV  -P 
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Figure  r>1,  Natural  Sea  Surface  Patterns. 

21  June  1967;  2234;  1200  ft;  2G°52'N;  76°llfW;  AN /AAR -32; 

0.5  mm  (diameter)  Ge;Hg;  NP-2E  aircraft  Bu.  No.  131403. 
Sea  state:  0. 


NAD  07  82  2 6 -30 


Figure  52,  Natural  Sea  Surface  Patterns- 

22  May  1%S;  £314;  1200  ft;  2F>°31'N;  75°5fl’W;  AN/AAR-30; 
2,  5 X 2,5  mm  Ge;Hg;  NP-2E  aircraft  Rii,  No,  131403, 


Figure  53.  Natural  Sea  Surface  Patterns. 

3 May  1907;  1^15;  000  ft;  39°26'N;  73°40fVV;  AN /AAR-30; 

0,25  mm"  (circular)  Ge:Cu;  NP-2E  aircraft  Eu.  No,  131403. 
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Figure  34.  llicrmal  Front. 

9 December  1905;  2013;  2-2 00  ft;  37°08'N:  75  57’W;  AN /A Alt-30; 
0.45  X 0.43  mm  Hj^CdTO;  NF -2 K aircraft  L5u,  No.  131403, 


Figure  Do. 


WMtecaps  and  Natural  Background  Patterns, 

17  November  1963;  2003;  2300  ft;  24  32'X;  31  31  'W;  AN /AAR -30; 
0.5  mm  (diameter)  Ge:Cu;  NP-2E  aircraft  Bu.  No.  131403. 
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Figure  56.  Natural  Sea  Surface  Patterns. 

3 May  1S67;  1409-  650  ft;  39031’N;  73  34  «W;  AN /A Alt-30; 

6.25  mm2  (circular)  Ge:Cu;  NP-2F  aircraft  Bu.  No.  131403. 


Figure  57,  Natural  Surface  Patterns. 

5 March  1964;  2040;  1000  ft;  30°0C'N;  B5°44'W;  AN /AAR -30; 

4 rnm"  (circular)  Ge:Cu;  NP-2E  aircraft  Bu,  No,  131403. 
Note  the  waves  at  the  ed^efe  of  the  picture. 
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Figure  oH.  Coast  and  Adjacent  Surface  Patterns. 

2-1  May  1072;  0058;  4500  ft;  A3/AAR-30;  2.5  X 2,5  mm  Gft:Hg. 


Figure  59.  Natural  Sea  Surface  Patterns.  2 

1 September  I9fi4;  5J03&;  3500  ft;  AN/ A AH -30;  0,25  mm  (circular) 
Ge;Hg;  NP-2K  aircraft  Bu,  No,  13140;?, 
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Figure  60.  Natural  Sea  Surface  Patterns, 

9 April  1970;  1942;  3000  ft;  2S°23'N;  80  Ol'W;  AN  /AAR-30; 
2,5X  2,5  mm  Ge:Hg. 


Figure  81.  Outcroppings  of  Land  and  Neighboring  Water  Patterns  in 
Chesapeake  Bay. 

9 November  1961;  2138;  -5000  ft;  ;i!)°20'N;  76°18’W;  AN /A AD-2; 
2,5  X 2.5  mm  In 5b;  P2V-5F  aircraft  Bu.  No,  131403. 
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Figure  62,  liver  mal  Front. 

1 -lune  1967 ; 2007}  -150  ft;  AN/AAR-30;  0.2 5 mm  (circular) 
Ge:Gu;  MP-SJK  aircraft  Hu.  No.  131403. 

Note  the  waves  at  the  edges  of  the  picture. 


Figure  fi3.  Successive  Thermal  Fronts, 

3 May  1067;  1406;  650  ft;  39°33rN;  73°39'W;  AN/AAR-30; 

G.25  nun  (circular)  Ge:Cu;  NF-2E  aircraft  Bu,  No.  131403, 
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Natural  Sea  Surface  Patterns. 

15  August  1962;  2121;  2600  ft;  SS^OIN;  71°29’W;  AN/AAD-2 
6.25  mm^  (circular)  Ge;CU;  P2V-5FS  aircraft 
Bu.  No.  131403. 

Note  change  in  thermal  "texture"  across  front.  Sea  state:  1 


Figure  65,  Natural  Sea  Surface  Patterns. 

10  April  1962^  2115;  2500  ft;  40°06TN;  71°18'W;  AN/AAD-2; 

G.2o  mm“  (circular)  Ge:Cu;  P2V-5F  aircraft  Bu,  No,  13140.2. 
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Figure  tli>, 


Coastline  and  Adjacent  Water  Surface  Patterns* 

28  October  19^4;  2004;  500  ft;  30°10'N;  85  41rW;  AN/AAR-30; 
6.25  mjn  (circular)  GCiEig;  NP-2E  aircraft  Hu.  No.  131403. 


Figure  67.  Natural  Sea  Surface  Patterns. 

1 September  1967;  2142;  700  ft;  24°20TN;  S2  18'W;  AN/AAR-32; 

0.5  mm  (diameter)  Ge;Hg;  NP-2E  aircraft  Bu.  No.  13X403. 
Sea  state:  0-1, 
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Figure  SB.  Shoreline,  Jetties,  and  Sea  Surface  Patterns. 

I June  19(57;  201B;  500  ft;  AN/AAK-30;  fi,  25  mrii  (circular) 
Ge:Cu;  NP-2E  aircraft  Eu,  No.  131403, 


Figure  69,  Natural  Sea  Surface  Patterns. 

2 September  1967;  2144;  600  ft;  24°20rN;  82°15tW;  AN/AAR-S2 
0.5  min  (diameter)  KP-2F  aircraft  Bu.  No.  131403 

Sea  state:  1-2, 
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Natural  Sea  Surface  Patterns.  ^ 

4 September  1 fJG 7 : 19-19;  500  It;  24°1£PN;  «2  14' W; 

0.5  mm  (diameter)  GC:Hg;  NP-2E  aircraft  flu 
Sea  state:  0* 


Figure  70 


Figure  71.  Natural  Sea  Surface  Patterns.  i 0 

4 September  1967;  21.^1;  500  ft;  24°09-N;  82'l6'W;  AN/AAB-02; 

0.5  mm  (diameter)  Ge:Hg;  NP-2E  aircraft  flu.  No*  1114055. 
Sea  state;  n. 


13 


NADC-78; 


226-30 


Figure  72.  Natural  Surface  Patterns. 

5 March  1964,  2042-  1000  ft;  30°07'N;  85°45’  W;  Rceotiofax  IV 
Mark  II;  4 mni  (circular)  Ge:Hg;  NP-2E  aircraft 
Bu.  No.  131403. 

Note  the  whiteeaps  to  the  right  of  center.  Sea  state:  2. 


Figure  73.  Natural  Sea  Surface  Patterns, 

26  April  1963;  1841;  41039'N;  68°40tWs  AN/AAR-30;  6.25  mm 
(circular)  Ge;Cu;  SP-2E  aircraft  Bu.  No.  131403. 
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N ADC-78226-30 


Figure  7o. 


Natural  Sea  Surface  Patterns. 

1 September  19G4;  2101;  3500  ft;  AN /A  Alt -30;  ti.25  mm2  (circular; 
Ge:Hg;  NP-2E  aircraft  Bu.  No.  131403. 


Figure  74. 


Wind  Streaks. 

1 September  1004;  2102;  3500  ft;  AN /AAR-30;  0.23  mm"'  (circular) 
Ge:IIg;  XP-2E  aircraft  Bu.  No.  131403. 


5 mm  <ie;!Jg 


Natural  Sea  Surface  patterns. 

23  May  1903;  2 01 1 ; 2=°32rN;  73U5G’W;  AU/AAR-30;  2, d X 2.5  mm 
Ge;Hff:  NP-2E  aircraft  Bu.  NO.  131-103. 


Figure  ?G. 


N ADC-782  2(5  -30 


Natural  Sea  Stir  face  Pattern*. 


8 April  1970  j 1251;  3000  11;  32t>35’N;  79°iO'W;  AN /AAR -30 


_'rADt>  J&H*= -3G 


J'lfilLTe  TH.  BUCCiZISLlV  Ti^fTi'iKl  )■  J-iinL-  , 

7 Mu,  1D70;  aflEflj  Alf.'AALl-Sfrj  3.3  X 2,P  mm  GtrHff. 

Ifliy  i-hqU  ilcts  rupjilnpr  down  lie  Jer^th  vf  (ha  ploiiujii  ire  hii 

In  -5  nirnruiLiJ  LTtlfiel. 


Flour?  T6.  MOTPlJl  kT  J*.  Andrew  lir,'. 

2T  Odober  1 MR-i- 171 ! i 000  ft,  3fr° Ov  «n . s*°.M  'ty.  AF/AA K-Ku 
C-EJiTii!-,1  jcLri-.  I ,ri  fji1  =1 1 |i i hsti-fil*  y;-vran  2iu.  Fn,  P-Iki, 
ALsu  picture:  I ivi  h FC- , •Sim  <,r  i.',S,  t*?nst  am)  Ucodttlc 
3nrvqj  rtmrt  IH3  >:-_iA''iil|( . art  In  Ait). 


.W-H 


KAOt-?  ssao-ao 


=: U r- 1--1:: h U I h ■--] V retorvkb  LTlfriHG  piodur-,::-  fi-urt!  the.-  fl  l|'.liL  nf 
■ Mm  :"i:Ii  I L'l'i  I ■•..•.nl  1!lu  jilVulliV:  r,  f m [Inn  r.Tn-Hh:i|v-ii 
uT  w4fi"Hr  , I-  ■ ■ :>m|  im*  mCi  r frum  Al.,  ApH  IW  SH4T  t!hC 

more  iIcnmh  h-hihh-  rf  lhn  nf  Mexico.  Figures  BO- 33 
nher"  pujrllnnH  uf  lW  inkdnce  bwwnun  thMO  two  wo  tar 


}'  4: 1 1 n-  hO, 


h March  1001;  2I02;  LOO  Jt;  3 0°07*h,r;  FoVvLV;  AJl/AAR-BO; 

1 mill3  rcErculiJ5  JpiCul  SP-Sli  aLrcmit  Bu.  Xn.  151401, 


Flow™  iu  3 Mjh*  lMt-  3313:  fK'  ft;  -BOAT'S;  B 3 '"'-i. P " '.T-  AE/AA H-JO; 

1 mm3  rciTculuri  Cc-Cuq  NF-2E  uLrc-L’iJt  Bu.  Ku.  bBHGH 


Figure  32,  3 afarct  19W;  KrfP;  23-30  ft;  3DIWKi  3u04  3'^'i  ]V 

Maife  rr:  i iiLrti^  4cE^cula^l  CsiWk:  NS'-itS  aLrcriit 
isli,  i3i^a?P 

/ndatitti  uf  ft,  A.&lMw  TVv  Ih  |u*l  nff  inlL  c6  til? 

picture.  iAh  bn-HkiTH  war  Ihe  idils!  oieng  the 

IpWur  iir_psr 


GC—^h: 


NADC-7822b-30 


Figure  83,  5 March  1964;  1347;  1030  ft;  30°07,N;  ReCottofax  IV 

Mark  II;  4 (circular)  Ge;Hg;  NF-2E  aircraft 

Bu,  No,  131403. 

Notice  the  whttecaps  in  the  left  half  of  the  picture.  Sea  states  2- 


C-78226-30 


N ADC-78226 


Wakes  from  Piers  of  Chesapeake  Bay  Bridge, 

10  July  1962;  2201;  1000  ft;  Sa°59!N;  76°23rW;  AN/AAD 
0.35  mm2  (circular)  Ge:Cu;  P2V-7  aircraft 
Bu.  No.  140985. 


Figure  85 


Wakes  from  Piers  of  Chesapeake  Bay  Bridge. 

26  June  1962;  2138;  1000  ft;  38°59'N;  76°23'W;  AN/AAD-2 
0.25  (circular)  Ge;Cu;  P2V-7  aircraft 

Bu.  No.  1409  SS. 


P 4 htaJii 

LsEmS&JtH- 

y. 

h^flr 

NADO7S226-30 


Figure  87.  Natural  Surface  Pattern  a in  the  Vicinity  of  Key  West. 

14  March  1962;  2244;  2300  ft;  24°34'N;  81°43’W;  AN/AAD-3; 
li,25  mm“  (circular)  GstCu;  P2V-5F  aircraft 
Bu.  No.  131403. 


fiO 


lei  am!  I : II hX  Kay. 

L2  ILlK-l  LEl^;  £I3£;  2DDD  It;  M^ElENj  *li‘  W-_  Afc/AAD-E; 

H,3fi  uhvT  C*:£*i;  rav-&F  ai^TTift  Eu,  Cte,  i El  I fiS, 

A pcrcl-nu  i-T  ttfiAA  JJuuLIl-h'  {Than.  ] 14-41  |a  alw  pro  ;unr^:l 

.;HMUiiHiT-^>:  art*  in  ImhL|  , 


Flffjw  F«y. 


K*T  and  Mrf^hiNirlTiji  Bufui^i  PEttc.niG. 

L2  Mirai  iyc^:  ESM;  E&M  $1^9"^.;  JUVA*0-t| 

G.25  rr.m"  (rJrculDt?  C^c-i'u ; FEY'-fty  nLrErari  lur  Nyj  lIj-ko, 
Ocampafv  ..[11  r^rtkt  d h'flATi  raiui-ul  ( hart  3 3-1-1] 

-jauumlln^-  a.™  Ie.  I:-chil|, 


Hnaa  dimili!  Kijv,  lMk£aK^l  ami  Ralla>j:  Ki  y 
3 r.  Marc  h 3&IJE;  EESE;  3 SAD  ft-  2!  *32^- 

R3^SS?W;  AN/.1jLD-£|  li,Er.  nr-T  |i  i i-i-ufo  n 
OniCEll^  PEV-DV  lift  ri|fL  frj,.  131*03, 


rhead  Kuy  LT^aiLi'YiiuiiiJi.ri/;  ^-uHVih  e-'h>*I<  n-« 
1 ir  March  3 3UEr  m:L  ^500  ft; 

flS^n’W;  AN/AtP-E;  &,E&  miE 
(dn-MSib}.  f.(-!Cl;  PEV  DV  BlFCFtft 
UlA,  Kn.  15UCi 


N ADC-782  'l  (>-30 


Figure  92.  Small  islands  Near  Florida  and  Surrounding  Surface  Patterns. 

12  March  19 1>2;  1947;  9000  ft;  AN/AAD-2;  0.25  mm  {circular) 
Ge:Cu;  P2V-5F  aircraft  TSu.  No,  191409, 
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Km  all  Island  in  the  Tongue  of  the  Ocean. 

13  May  1 9Gb;  2003;  24°19'N;  77046'W;  AN /AAR -3  2; 

2,11  X 2.  5 Trim  Ge:Hg;  S’-3A  aircraft  Bu,  No,  148883 


Figure  9 


Sandy  Hook,  New  Jersey,  and  Nearby  Water  Patterns, 

1 October  1963;  2050;  2500  ft;  40°26rN;  74°00’W;  Reconofa*  TV 
Mark  H;  0.5  mm  (diameter)  Ge:Cu;  NP-2E  aircraft 
Bu.  No,  131403, 


Figure  54 


Fijrure  EJS.  Spermaceti  Cg^c. 

1 October  11)63  j 2126 ; 1000  ft;  lO^o’N;  73°50'W;  Eeconofax  IV 
Mark  II;  0.5  mm  (diameter)  Ge:Cu;  NP-2G  aircraft 
Bu.  No,  13 14  03 . 


Shoreline  and  Adjacent  Surface  Patterns, 

1 October  1963;  2115;  1000  ft;  40°24’N;  73°59fW;  ReConofa*  IV 
Mark  II;  0,5  mm  (diameter)  Ge;Cu;  NP-2E  aircraft 
Bu,  No.  131403, 


Pi sure  9f 


NADC-782-26-30 


Natural  Sea  Surface  Patterns, 

10  May  10(12,  2341;  3000  ft;  39°37'N; 
0*25  nmi  (Circular)  Ge:Cu;  P2V 


White  caps  and  Natural  Sea  background  Patterns* 

15  January  1004;  172&;  3000  ft;  41°00'N;  70°51’W;  Reconofax  TV 

Mark  II;  4 jum^  (circular)  CC:Hg;  NP-2K  aircraft  Bu,  No.  131403 
Soa  state:  3. 


N ADC- 78226-30 


Figure  100.  Whitecaps  anti  Natural  Sea  Background  Patterns. 

15  January  1961;  1730;  3600  ft;  4lfWN;  70°42’Wj  Reconofax  IV 

Mark  II;  4 mm'  (circular)  C»e:Hg;  MP-2K  aircraft  Hu.  No.  131103. 
Sea  state:  3. 


NADC-78226-30 


Figure  101.  Natural  Jfca  Sur faces  Patterns. 

27  July  1970;  2019;  1000  ft;  39o05'K;  73°54tWj  Rccotiofax  X1IIA; 
0.1  X 0.1  mm  HgCdTe;  P-3A  aircraft  Bn.  No.  149G77. 


Figure  102.  Natural  Hoa  Surface  Pattern s. 

4 August  1970;  0630}  1500  ft;  37°&tifN;  75°0l,Wj  Keconofax  XillA; 
0.2  X 0.2  mm  HgCdTe;  P-3A  aircraft  Bu.  No.  150499. 
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Figure  103.  Natural  Surface  Patterns. 

24  May  11)72;  11)01;  7000  ft;  AN /AAR -30;  2.3  X 2.5  mm  Ge;Hg. 


Figure  104.  A Succession  of  Thermal  Fronts. 

S October  1DG3;  1920;  2500  ft;  39°41'K;  73°57'W;  AK/AAR-30; 
0.5  mm  (diameter}  G0;CU;  RP-2E  aircraft  Eu,  Xo.  131403. 
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Figure  1 0i>.  Reach  Haven,  New  Jersey,  and  Neighboring  Surface  Patterns* 
11  October  1962;  202S;  4000  ft;  39°33'N;  74°l4rW;  AN/AAR-30; 
7X7  mm  InSb;  HiilJ-Singer'a  D-JS  aircraft. 


Figure  106.  Ship  Bottom,  New  Jersey,  and  Area  Surface  Patterns, 

11  October  1962;  2030;  4000  ft:  39°38'N;  74°ll’W;  AN/AAR-30; 
7X7  mm  InSb;  TTRR-Singer's  D-18  aircraft. 
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Figure  107.  Rarne-al  Inlet  and  Ray. 

11  October  19G2;  2033;  4000  ft;  39°.15’N;  74°00'W;  AN /A  AH  -30; 
7X7  mtn  fnSh;  HRB-Singer's  D-18  aircraft. 


Figure  108.  Bamegat  Bay. 

11  October  10(52;  2037;  4 000  ft;  39^9(3  rM ; 74°05'W;  AN /AAR-30; 
7X7  rum  inSb;  HRB -Singer's  13-1 S aircraft. 


NADC-7822G-30 


Figure  109.  Natural  Sea  Surface  Patterns. 

21  -June  1967;  2147;  1200  ft;  2S43TN;  76  05’W;  AN /AAR -3 2; 

0.5  mm  {diameter)  GecHg;  NP-2E  aircraft  Bu.  No.  131403. 
Sea  state:  0. 


Figure  110.  Natural  Surface  Patterns  in  Chesapeake  Bay, 

15  November  1901;  1935;  1000  ft;  37°42'N,  76°l2rW;  AN/AAD-2; 
2,5  X 2,5  mm  InSb;  P2V-5F  aircraft  Fsu.  No.  131409. 
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F igu  re  UL  White  c a p s a nd  Natur  al  B a ok  g mim  fl  P atte  r n a . 

15  May  10(52;  2033;  1000  ft;  23°53’N;  Sl'^fi'W;  AN/AAD-2; 

0.25  mm2  (circular)  Gc:Cu;  P2V-7  aircraft  Bu,  No.  140985. 
9ca  state;  4. 


Figure  112.  Natural  Sea  Surface  Patterns. 

3 July  1065;  1221;  1700  ft;  33°43fN;  74°S2'W;  AN/AAD-2; 

0.5  mm  (diameter)  Ge:Cu;  NP-S*7,  aircraft  Bu.  No.  131403, 
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Figure  113,  Natural  Surface  Patterns. 

54  May  1975;  0101;  HiOO  ft;  AN /A  Aft -30:  2.  G X 2.5  mm  Ge:Hg. 


Figure  114.  Natural  Surface  Patterns  in  the  Strait  of  Georgia. 

21  July  19GD;  1557;  1500  ft;  Re  con  of  ax  TV  Mark  IT;  2,5  X 2,5  mm 
Ge:Hg;  S-2D  aircraft, 


NADf-7  8226-30 


BPS 


Natural  Sea  surface  Patterns- 
13  June  1962;  1 353:  1000  it;  ?a": 

6-25  mm"  (circular)  (]e;Cu 

Sea  state:  1/3, 


Figure  llo 


ih-  ^iSr  * £?•  *£:": 

$1® 

j w 

- *■  * 

j;  .#■ 

Si'v  £,jP 

^gv 

m j4 

Figure  116,  Natural  Sea  Surface  Patterns. 

3 August  1962;  0308;  1700  ft;  38°23'X;  71°24'\V;  AN'/ A AD -2  5 

0.2:1  mm"  (circular)  Ge;Ou;  P2Y -5F  aircraft  Bu,  No.  131403, 
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Figure  117,  Natural  Sea  Surface  Patterns. 

lfi  May  1062;  2158;  2000  ft;  23  G5‘N;  31  39’W-  AN/AAD-2; 

6-25  rum2  (circular)  GejCu;  P2V-7  aircraft  Du-  No.  140983, 
These  surface  patterns  are  relatively  subdued*  perhaps  because 
of  violent  mixing  (state  4 seas)  the  day  before  ami  a lack 
of  sunshine  for  several  days. 


Figure  118.  Natural  Rea  Surface  Pattern®. 

28  March  1962;  2413;  2800  ft;  4()°27rN;  73°&1’W;  AN/AAD-2; 

6,25  mm2  (circular)  GeA'u;  P2V-5F  aircraft  Tiu-  No.  13140S. 
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Figure  119.  Natural  Sea  Surface  Patterns. 

4 April  1962;  2026;  2700  ft;  99°30'N;  Tl^lO’W;  AN  AAD-2; 

0.25  mm2  (circular)  Gc:Cu;  F2V-5F  aircraft  Bu.  No.' 121403, 


Figure  120.  Natural  Sea  Surface  Pattern;;. 

19  April  1962^2001;  2500  ft;  40°00'K;  71°15’Wj  AN. /A AD -2; 

6.25  nun''  (circular)  GcjCu;  P2V-5F  aircraft  Be.  No.  131102. 
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Figure  121.  Natural  Sea  Surface  Patterns. 

10  May  1906;  33°£6'N:  74°03’W;  AN/AAJt-32; 

2.0  X 2.0  mm  Go:llg;  P-3A  aircraft  Eu.  No.  148883. 
Notice  the  enhancement  of  surface  effects  near  the  edges. 


Figure  122. 


Natural  Sea  Surface  Patterns. 

10  May  1 962;  2421 ; 25(H)  ft;  40°lGfN;  7 1^55 'W;  AN/AAD-2; 

6.25  jnm^  {circular)  CejCu;  P2V-7  aircraft  Bu.  No.  140985. 
Note  the  prominence  of  waves  along  the  lower  edge  of  the  picture. 
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Fij^urc  123, 


Natural  Sea  Surface  Patterns, 

10  May  19W;  38°18,\;  7V°11'W;  AN  ./AAR-3  2;  2, 5 X 2.-3  mm 
GO:IIg;  P-3  A aircraft  Bu,  No.  I43SS3, 


Figure  124,  Natural  Sea  Surface  Patterns. 

10  May  1962;  2410;  2000  ft;  40°09'N;  7l"l7’W;  AN/AAD-2; 

0,25  mm-  (circular)  Gc;Cu;  IJ2V-7  aircraft  Bu.  No.  140955, 
Note  the  prominence  of  waves  in  tiie  lower  portion  of  the 
pi  oture. 


SI 
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Figure  12o.  Natural  Sea  Surface  Patterns. 

S April  1970;  12-53;  3000  ft;  32°3t>rN;  79°'irW;  AN/AAK-30; 
2. 0 X 2,  5 mm  C<?;Iig. 


Figure  126.  Thermal  Front, 

22  April  1963-2230;  41^41 'N;  0S°17T\V;  AN/AAli-30; 

<i.2o  mm1"  (circular)  Ge;CU;  SP-2E  aircraft  Bu.  No*  131403. 
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Figure  123,  Wl]  [tecaps  [Most  Prominent  on  Loft)  and  Waves 
(Lower  Portion  of  Picture), 
lti  November  19f>3;  2230;  1000  ft^23°5o'N;  81°30fW; 
Peconofax  TV  Mark  IT:  4 mm  (Circular)  Gc:Cu; 
KP-2E  aircraft  Bu,  No.  131403, 

Kea  state;  4, 


Figure  130.  Natural  Sea  Surface  Patterns. 

21  June  1&G7j  2105;  1000  ft;  25°45’N;  76°10’W;  AN /AAR 
6.  25  mtn“  (circular)  Ge;Cu;  NP-2L  aircraft 
Bu,  No,  131403. 

Sea  state;  0 


NAUC- 


26-30 


Figure  131.  Natural  Sea  Surface  Patterns.  f 

13  January  19(17;  0235:  2000  ft;  26°0oTN;  79  50"W;  AN/AAR-30; 
6,25  111111“  (circular)  Ge:Cu;  NP-2K  aircraft  Du,  No.  131403, 


Natural  Sea  Surface  Patterns 
7 May  1002;  2044;  3000  ft;  39 
6.25  m;n^  (circular)  GC: 


KADC 


Natural  Sea  Surface  Patterns. 

1 September  1004;  2100;  3500  ft;  AN/AAR-30; 
(circular)  (imlig;  NP-2E  aircraft  Bu.  No 


L 2&  mm 
121.103, 


Natural  Sea  Surface  Patterns,  . 

S April  1070;  1220;  2000  ft*  33°36'N 
2,5  X 2,  5 mm  Ge;Hg. 


Pi  sure  lot 


Figure  13a.  Natural  Surface  Patterns. 

27  April  1972;  1&44;  1200  ft;  AN/AAR -30; 
2,o  X 2,5  mm  Ge;  llg. 


Ftgure  130,  Natural  Sea  Surface  Patterns, 

2 September  1S67;  2245;  400  ft;  24°1<PN:  H2°17-W; 

AN/AAR-32:  0.5  mm  (diameter)  Geillg;  NP-2F  aircraft 
DU,  No,  131403. 

Sea  state;  1-2, 


XADC-7822G-30 


tl  * 


Natural  Sea  Surface  Patterns. 

IS  April  19G2;  1910;  2000  ft:  40°00’N 
fo,25  mm"  (circular)  Go;  Oil;  f’2V 
Sea  state:  l. 


Figure  137 


i 33 ’W;  AX  /A  AD-2; 

F aircraft  Bu,  No.  13140: 


Natural  Sea  Surface  Patterns. 

11  October  L3G7;  2043;  480  ft;  31°42fN;  70  19'W;  AN/AAR-32; 

0.3  mm  (diameter)  Ge:B£;  NP  - 2f  aircraft  Bu.  No,  13140: 
Sea  state:  1-2. 


Natural  Sea  Surface  Patterns* 

16  April  L%2^23o7;  200f>  ft;  10°lf)'N 
0.25  nnn''  (circular)  Gc:Cu;  P2\ 
Rut  No.  131403, 


J ^TKjgrli:  :J  jS: ''  * ^ 

$.  ;j  . , ■ $ 1 

? ■ ■ V ijL/j  " 5f  ^ -1  j 

*:*r-.*W  Jr'./ 

|^h|| 

l-’/Si  ’Tjb&i 

■ ■*  : r jjr'vli  yi'J1  f 

ajP  > b*:  ■ 

: Jmm  Mk 

H:  Jhf 

^ Jk  t a>  •-  ■ ' jrl,' ' , 

€ Ml  V :4S# 

Figure  140,  Natural  Sea  Surface  Patterns, 

4 September  1067;  2110;  380  ft;  24°1S'PT;  82°111W;  AN /A  A 14-32; 

0,3  mm  (riiajnetct)  Ge;JIg;  NP-3E  aircraft  Bu.  No.  131403, 
Sea  state;  0, 
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Figure  1-11.  Natural  Sea  Surface  Patterns. 

27  -July  1902;  0324;  4500  ft;  40  SO’N;  71  3 O' W;  AN/AAD-2? 
fi. 25  mtn~  (circular!  Ge:Cu;  P2V-5FR  aircraft 
Du.  No.  1S140S. 


Figure  142,  Natural  Sea  Surface  Patterns. 

27  July  1362?  0235;  4500  ft;  40  4S'N;  72° 01  ’W;  AN /A AD-2; 
6,25  jinjn2  (circular)  Ge:CU;  F2V-5FS  aircraft 
Du,  No.  131403. 
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Natural  Sea  Surface  Pattern 5 
15  July  1965;  1514 ; 4100  it; 

4 rr\m2  (circular)  Ge:Cu 


aircr 


Vi  "Tire  144 


Natural  Sea  Surfacu  Patterns* 

12  March  1902;  2227;  2500  ft;  24033-N[  8l°u7’W;  i 
6,25  (circular)  Ge;Cu;  P2V-5F  aircraft 

Uu*  No*  131403* 


NADC-7S220-3O 


Figure  145.  Great  Egg  Harbor  inlet. 

3 October  1963;  2123;  12,000  ft;  39°lSrN;  74°33’W;  AN /AAR-3  C 
0,5mm  {diameter}  Ge:t’u;  NP-2K  aircraft  Hu,  No.  131403 


Figure  I4fi.  Surface  Patterns  in  the  Delaware  Ricer, 

2 6 June  19(12;  2032;  2000  It;  39°53'N;  75°irW;  AN/AAli-2; 

0,25  mm2  (circular)  GeiCU;  P2V-7  aircraft  Ru,  No.  140985, 
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1 1 J Uwf 

gyfjaj 

Figure  14H,  Natural  Sea  Surface  Patterns  in  the  Vicinity  of 
Ocean  City,  New  Jersey. 

1 October  1903;  2213;  12,000  ft;  3&°la’Ns  74°33'W: 
Ryconofax  IV  Mark  H;  0,5  mm  (diameter)  G&-mCu; 
KiJ-2E  aircraft  Ru*  Kom  13140H. 


NADC-T822fi-aG 


Figure  149.  [joiig  Beach,  Now  Jersey,  a'nH  Adjacent  Surface  Patterns* 
3 October  1963;  1957;  2590  ft;  39^35 'Nj  74°13’W: 

AN/AAR  "30;  0. o mm  (diameter)  Ge;Cu;  IN  P -2  K 
aircraft  Hu,  No,  131403, 


■ " ^ w ffw4,  ■ : 

r.  wpi.; 

l-rl  ..I'ttHffftfc rs. " ' ■’ -vl^fcLl  ' - 

I5--? 

, ;^iV  ;L , 

Bgpqji* 

i*  ;. 

y-S7.>r:v^4.:jg 

^PPl 

Coastline  and  Adjacent  Sea  Surface  Patterns, 

30  January  1904;  ISO 2;  390-l't'N;  7-l°07’W;  Afl/AAR-I 
9.3  nirn  (diameter)  Ge;Cii;  NP-2E  aircraft 
nu,  No.  131403, 

Note  evidence  of  waves  along  the  lower  border  of  the 
picture. 


Figure  152.  Interface  "Between  Water  Masses  of  Unequal  Temperature, 

30  March  10(37;  1433;  3300  ft;  AX /AAR-32;  0.3  mm  (diameter) 
(ierllg;  NP-2L  aircraft  Bu.,  No*  131403. 
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Figure  153,  Natural  Surface  Patterns. 

24  May  1972;  184ft  5 7000  ft;  AN /AAR -30;  2,  5 X 2.5  mm 
GeiHg, 
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yigure  154,  Natural  Surface  Patterns. 

24  May  1972;  18315;  5000  ft;  AN'  A All -30;  2.5  X 2,5  mm 
Ge;Hg. 
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Figures  155-159  demonstrate  the  persistence  of  surface 
thermal  patterns  in  the  Tongue  of  the  Ocean,  a region 
southeast  of  Florida,  over  a course  of  42  minutes. 
This  series  of  infrared  pictures  was  recorded  at 
1000  foot  with  a mercury  doped  germanium  detector 
operating  in  the  A N/A Alt-32  during  the  flight  of 
13  May  1066, 


Figure  155,  Time;  2307, 


Figure  156.  Time:  23 14, 


OF 


X ADC-7322  0-30 


JSfiUYr  1 IW.  Western  Will  oT  tb:-  HuJ:  Bffroflftu 
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i^,  Lyugn. 
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Figure*!?  162  to  179  were  recorded  during  a series  of 

flights  over  Rute  Tnlet  in  July  1969.  For  each  of  the 
exercises,  a 2.5  X 2,s  mm  mercury  doped  germanium 
detector  was  used  in  the  Recon  of  ax  7 V Mark  TT. 


Figure  ins.  Natural  Surface  Patterns. 

12  July  I960;  1045;  600  ft, 
Sea  state:  1. 
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Figure  1G5,  Natural  Surface  Patterns, 
S July  1969;  1357;  500  ft. 
Sea  state:  1/4* 
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F Igu re  1 {■](>,  Natural  Surface  Patterns. 

10  July  1369;  1405;  1000  ft. 
Sea  state:  1-2. 


Figure  167.  Natural  Surface  Patterns. 

12  July  I960;  0840;  500  ft. 
Sea  state;  1. 
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Natural  Surface  Patterns, 
14  July  1!)G9;  1533;  300  ft 
Sea  state:  l/2r 
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Figure  172.  Natural  Suri'aefi  Patterns. 

14  July  ISM;  1613 ; 700  ft. 
Sea  state;  if  2. 


Figure  173.  Offshore  Ftfdy. 

15  .July  1969?  170S;  1000  ft. 
Sea  state:  1. 
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Figure  174.  Natural  Surface  Patterns. 

iy  July  1969;  lOQO;  300  ft. 
Sea  state:  0 - 1/4. 


Figure  175.  Natural  Surface  patterns. 

14  July  1969;  1554;  70(1  ft. 
Sea  state:  1/2. 
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Filers  177.  Natural  Surface  Patterns. 

July  1 9G9;  1030;  300  ft. 
Sea  state;  1/2, 
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Figure  ISO,  Oil  Slick  and  Smoke  Light,  Q 

7 February  1908;  2023;  1500  ft;  24  33'N;  31  13'W; 

AN/A  AD-2;  0,25  mm2  (circular)  C!e:Cu;  SP-2H 
aircraft  Hu.  No.  147010, 

Note  detectability  of  waves  along  bottom  edge  of  picture. 


Figure  181,  Oil  Slick, 

3 October  19G3;  2006;  2500  ft;  39°17'N;  74°22’W; 
Itceonofax  TV  Mark  TT ; Ge:Cu;  NP-2K  aircraft 
13u.  No.  1 31403, 
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Figures  182-186  show  thermal  pictures  taken  during  the  flight  of  IS  December  1971, 
which  was  conducted  in  cooperation  with  the  Environmental  Protection  Agency 
to  detect  possible  industrial  waste  water  discharges  along'  the  Delaware  and 
Schuylkill  Rivers. 


Figures  182  and  183  were 
taken  over  the  Schuylkill 
River  on  16  December  1971; 
1500  ft;  AN /AAR -30;  2.  5 X 
2.  5 mm  Ge:Hg;  NP-2E  air- 
craft Bu.  No,  131403.  In 
Figure  1$2S  note  effectively 
''warm1  water  flowing  from 
a point  near  the  bottom  center 
of  the  picture.  In  Figure  183 
warm  water  is  being  discharged 
into  the  river  at  a point  to  the 
right  of  center. 


Figure  182.  Time;  1712 


Figure  183.  Time:  1717 


Figure  184.  Delaware  River, 

16  December  1971;  1904;  1500  ft;  AN/AAR-30;  2,  5 X 2.  a mm  Ge:IIg; 
NP-2E  aircraft  Eu,  No.  131403, 

This  scene  shows  the  Ncshaminy  Creek  (upper  right)  emptying  Into 
the  Delaware  River.  Along  the  opposite  shore,  heated  water  from 
a power  plant  upstream  (to  the  right)  can  be  seen. 
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Figures  185  and  186  were  recorded  over  an 
on  the  Delaware  River  at  different  time 
different  equipment. 


It!  December  1971;  1933;  1500  ft;  AN/AAR-35 
0.3  X 0.8  mm  Gc:Hg;  NP-2E  aircraft  Ru.  No. 


Figure  ISO 


to  193  were  reproduced  from  the  film  record  of  the  flight  of  8 March 
The  AN/ AAR  -35  was.  operated  over  a region  centered  at  63  55 'Nt 
W,  the  black  spots  in  the  pictures  arc  fragments  of  thickj  multi- 
:e;  light  gray  areas  represent  young  ice;  the  darker  gray  sections 
■at  year  ice;  and  white  patches  correspond  to  open  water  or  new 


Time:  1930 
Altitude:  1000  ft 


Figure  133 


Time;  1931 
Altitude:  1000  ft 
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Flirts  190.  Time  171$ 

Altitude:  5000  ft. 


Figure  101,  Time:  1750 

Altitude:  5000  ft 


Figure  102,  Time:  1752 

Altitude:  5000  ft. 
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Time;  1754 
Altitude;  5000  it 


Figure  1H4.  Chunks  of  lee  Floating  on  Water  East  of  Greenland 
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